Perception has a hidden importance in our society. It is what drives us to buy that name brand product, move to a certain area of town, or even select a university to call home. The U.S. News & World Report even uses it for rankings, but in today's growing, diverse environment, perception is constantly changing; it is often developed from an individual's experiences and their surrounding environment. It itself is a form of bias. Therefore, it is important to collect, track how it changes, and understand the perception of incoming and current engineering students to ensure engineering colleges around the United States provide the right message to prospective students and industry partners. It also helps colleges evaluate the effectiveness of their recruitment publications and events. This is why in 2012 the University of Arkansas started a three phase, six stage longitudinal study on engineering perception. This paper will analyze the results from phase one, stage one of the longitudinal study with regards to industrial engineering. It will 1) briefly introduce the longitudinal study, 2) discuss the phase one, stage one online survey administered to first year engineering students at the University of Arkansas, and 3) examine the survey results for those students interested in industrial engineering to help provide insight on why students are interested in industrial engineering, the strength of current and future job opportunities, and how first year engineering students interested in industrial engineering perceive industrial engineering.
Background
There are many papers in the literature addressing a college or pre-college student's perceptions of engineers or engineering as a career. Most of the research is based on surveys completed by students or interviews with smaller sets of students. One well known tool used with first year engineers is the Pittsburgh Freshman Engineering Attitude Survey. 1 ASSESS Engineering Education states the PFEAS is an attitude survey that gathers information about incoming students' attitudes about "how engineers contribute to society" and "the work engineers do." 2 However, the questions do not ask for specifics about tasks but more general questions about how respectable the field is and if the work of engineers has a positive impact on society. Specific tasks and engineering disciplines are not discussed.
Most studies that ask students about their perceptions of engineering focus on skills needed to become an engineer and how confident the students are in their skill set. Occasional questions about how engineers impact society or how they work with people are included. Unlike the PFEAS many of the studies focus on the pre-college student. Some, but not all, of these studies are focused on what changes or programs can be implemented that will get more students to choose engineering upon entering college. 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 Hirsch gets one step closer to students' understanding of engineering careers. The part of the survey meant to measure students' engineering attitude included several stereotypical statements that could indicate students' level of understanding of basic job functions. No Page 26.1222.2 field of engineering was specified in the attitude survey. Then the study asked students to identify 5 types of engineers and state one example of the work that type of engineer did. Less than 5% of the 300 plus students included in the survey were able to correctly identify 5 types of engineers. Close to half of the students had no opinion of engineers' involvement in business decisions or how much time engineers spent in the lab. 16 There are many studies that explore differences in perceptions by ethnicity or gender. These studies generally fall into either aspirational studies or self-efficacy studies. In other words, why do students want to become engineers or do students think they have the ability and/or skills to become an engineer. These studies do not generally ask students to define engineering or specific engineering disciplines. 4, 11, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] Many studies concentrate on the issue of why students do not become engineers or scientists. Studies discuss preconceptions that impact career choices. These studies do not tend to address the accuracy of the students perceptions just that these perceptions exist. An example of this type of study discussing why women do not choose to pursue careers in physics, science or engineering, focuses on the stereotypes, glass celling's, teaching methods, and lack of female role-models. This qualitative study used a scripted interview process, which necessarily limited the number of participants. The results discuss how individual's perceptions impact their choices, but the focus is on the general issues such as STEM careers being a difficult option. 31 Another early example of this type of study was done by Eccles. 32 Her survey has been used by others to define engineering students achievement related choices as recently as 2014. 33 The perceptions a student has about how well they might handle the studies needed to move towards a career in a STEM field are often based on this type of expectation survey. Eccles method has been used to determine students and parents expectations as early as middle school. 34 Once again, the questions asked did not address specific engineering tasks or disciplines. So they are not immediately relevant to the questions posed by this study.
A longitudinal study done by the U.S. Department of Education and the National Institute for Science Education provides a great review of the literature prior to 1998. This report uses 100 plus papers and reports to amply their study findings that came from an analysis of the High School & Beyond/Sophomore Cohort Longitudinal Study along with tests scores and high school transcripts. This study makes an interesting comment about the literature of career choice in engineering. They state the literature is difficult to sort through because it often involves term substitution of "career" for "academic major"; it measures information from many age groups; and it aggregates engineering with other fields. 35 An additional problem that occurs is the aggregation of all engineering fields as one discipline. A few studies focus on a specific form of engineering. 36, 37, 38, 39, 40, 41, 42, 43 However, the questions asked about these fields remain generic and do not discuss specific job functions.
One recent study focuses on the field of materials science engineering. It is unique in that it asks the students an open ended question that is then coded for analysis. The question "What is MSE and what do materials engineers do?" allows for an analysis of students Page 26.1222.3
understanding of a specific engineering field. Jin and colleagues found the students most interested in MSE had a better understanding of the field. 44 The 2014 ASEE conference had several additional papers presented that are tangentially related to the research project currently underway at the University of Arkansas. They represent the various types of research being done on students' perceptions of engineering and science related careers. Nadelson and colleagues used surveys to assess the undergraduate understanding of several engineering career options. The only task specific idea used in this survey was that engineers solved problems. 45 A paper by Rito does address student perceptions of industrial engineers. One of the few papers found that focuses on this engineering discipline. However, the question asked were about industrial engineers solving operation research problems in specific industry sectors. Thus one of the job related questions asked where industrial engineers work. Then the students were asked which of 4 adjectives described industrial engineers. These adjectives focused on personal or professional qualities, not job tasks. 46 Another paper presented at the 2014 ASEE conference addressed how first year engineering students' knowledge of engineering disciplines were impacted by a first year course. The sample size of 72 students was divided between 4 disciplines. The results were interesting. The purpose of the longer study was to determine if better student understanding of their chosen discipline helps them stay engaged in the field of study. The fields studied were civil, industrial, mechanical and software engineering. Specific explanations of the departments and/or programs were not provided. At the beginning and end of the term, students were given a survey that asked what field they were entering, instructed them to define the 4 fields, and then asked how sure they were of their understanding of their definitions. Faculty in the discipline then ranked their definitions. Perceived knowledge and actual knowledge had very little correlation though this could have been due to the smaller sample size. It appeared that the freshmen engineering program did strengthen the students' understanding of the 4 engineering fields.
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Longitudinal Study
In 2012, 
Current Study
This paper investigates the results from phase one, stage one, Survey I1 of the longitudinal study with regards to industrial engineering. Survey I1 (bolded above in the previous section) was created using results from two previous Freshman Engineering Program surveys. The two previous surveys were delivered in spring 2012 and spring 2013 after decision day. Decision day is the day that first year engineering students declare a particular engineering major. Before this point, students learned about the opportunities and resources in engineering at the University of Arkansas through several sessions and projects.
The 2013 survey consisted of 69 questions. These questions were designed to investigate the following:  how informed a student felt about a particular engineering major,  when they made their final decision about their chosen engineering major,  how informative were each department session, and  how different events, sessions, and people influenced their decision making process on their engineering major. The information gathered from the 2012 and 2013 instruments was used to identify the questions included in Survey I1. The responses helped isolate the best methods for asking the questions as well as the appropriate wording for those questions.
Survey I1 was not validated using traditional methods since it is part of the validation process for the survey being developed as part of Phase 2 of the longitudinal study.
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Instead, outside consultations were used before administrating Survey I1 to receive feedback on the survey design and question content and wording. The survey was significantly shortened after consultations were completed.
This paper looks at the Survey I1 responses of the 85 students who selected industrial engineering on decision day. These results were compared with the results from industrial engineering alumni and industry partners to Survey I2 and Survey I3 (bolded above in the previous section) to determine a correct or incorrect perception. Survey I2 had 56 total faculty responses with 10 from industrial engineering faculty, while Survey I3 contained 502 total responses with 143 being from industrial engineering alumni and industry partners. This report is not meant to provide final data on correct perceptions by first year engineering students as the survey has not yet been validated. The responses from the industrial engineering students provided useful information of a qualitative nature of a preliminary nature.
This preliminary report only uses the responses from industrial engineering faculty, alumni, and industry partners from Survey I2 and Survey I3 (administered in summer 2013) to ensure an appropriate perception comparison is made. However, the comparison to experienced engineers is vital to identifying correct perceptions and common student misconceptions for use in Phase 2 of the longitudinal study. The surveys completed by other engineering professionals will be mapped to the appropriate student responses and provide a method of validation for Phase 2 questions.
It should be noted that not all respondents chose to answer all questions. Using Survey I2 and Survey I3 for this purpose added to the research methodology by mitigating the occurrence of the research team's bias.
Additional data was collected and is available but has been reserved for use in future studies and therefore, have been omitted from this paper.
Surveys Design
Survey I1 consisted of 15 questions and was delivered using Qualtrics Labs, Inc. academic survey research suite. This suite provided an easy method to create, distribute, record, and analyze surveys. This longitudinal study was approved by the University of Arkansas's Internal Review Board (IRB). Survey I1 was sent to 677 first year engineering students as part of their Introduction to Engineering course. This contributed to the 78% response rate (528 students). The student's name, student identification number, and section number was collected in order to grant points to the students for taking Survey I1 and for traceability. What is your perception of current job opportunities for I2&3Q5 (7 point Likert scale -very bad to very good; pulled I2&3Q5 answer automatically)? I2&3Q15:
What is your perception of current job opportunities I2&3Q5 in 5 years (7 point Likert scale -very bad to very good; pulled I2&3Q5 answer automatically)? Page 26.1222.7
Population
The University of Arkansas is located in Fayetteville, Arkansas serving around 25,000 students and over 2,900 undergraduate engineering students. It is the flagship, land-grant University in Arkansas.
The survey covered by this paper was delivered in 2013 to the Freshman Engineering Program's Introduction to Engineering students, which consisted of 677 students. This cohort was 21% female and 20% ethnic minority. It was administered during the fall semester during the first week of class. This study looks at the responses of the 85 students who selected industrial engineering on Survey I1 or on decision day.
The University of Arkansas Department of Industrial Engineering's main research emphasis are in reliability, maintainability, and quality engineering, transportation, logistics, and distribution, healthcare systems engineering, manufacturing and automation, and engineering management. These areas are described to first year engineers prior to decision day.
Survey Response Overview
There were 85 students who either chose industrial engineering upon taking Survey I1 or selected it as their major on decision day. Sixty of the 85 students took Survey I1. Out of the 60 students, 23 students did not change their decisions between the initial survey at the beginning of the year and decision day, while 37 students chose to either go into industrial engineering or switch from industrial engineering into another field. Twentyseven students changed to industrial engineering, while only 10 who first chose industrial engineering changed to another major. This is summarized below in Table 1 and 2. According to the survey responses, 65% of the students were male and 35% were female. This matched the industrial engineering population in 2013, which was 65% male and 35% female.
The difference in Survey I1 respondents' ethnicity to the general industrial engineering population could bring additional biases, as seen in Tables 3 and 4 . Seven percent of the respondents in Survey I1 did not provide their race in Table 3 . By comparing the two populations, it was clear that the 2013 first year engineers provided a good representative sample for industrial engineering with notable differences in ethnicity.
Question 7: Discipline of Interest
All 9 of the U of A's engineering degrees were selected by the full group. Table 5 shows that 33 (55%) students originally chose industrial engineering as their major of interest upon taking the survey. This number increased to 50 (83.3%) upon decision day for the survey participants. This increase is a 51.5% growth in industrial engineering selection from Survey I1 to decision day. On decision day, 10 students (16.7%) changed from an initial interest in industrial engineering to another choice. Out of these 10, 6 changed to another engineering discipline, 3 changed to a business related field, and 1 left the university. A follow up with these 10 students might provide insight into how increased knowledge of engineering fields may have changed their decision. The Quinnipiac University study indicated knowledge and liking contributes to career choice. 43 Twentyseven students who did not choose industrial engineering in Survey I1 selected industrial engineering on decision day.
The last column of Table 5 shows the overall results from decision day for those students who indicated industrial engineering as their initial major of interest on Survey I1 or selected industrial engineering on decision day. To reiterate, 25 of these students did not take Survey I1 (indicated with a * in Table 5 ), but all 25 did chose industrial engineering on decision day Page 26.1222.9 
Questions 9 & 10: Likeness Level & Understanding
Researchers asked, in Survey I1, each respondent their likeness level for 9 engineering disciplines to determine how each student felt about each field. The students were then asked to gage their understanding of each field to determine a self-reported knowledge level. The likeness and understanding levels helped the researchers understand a respondent's attitude of a major before asking questions on a particular engineering discipline. This helped the researchers develop a frame for each response. A mean response of 3 or higher indicated good to excellent for an understanding level. A mean response of 6 or higher indicated like slightly to like extremely for likeness level. Any values less than 3 for understanding and 6 for likeness were considered undesirable.
It was found that students' industrial engineering likeness level was highly correlated with students' self-reported understanding level with regards to industrial engineering, r=0.418, p<0.001.This correlates with the findings for the Quinnipiac University study. 43 There were no significant difference between females and males on their understanding level, t(58)=-1.091, p=0.280. Females had slightly higher self-reported understanding levels with a mean of 3.43 compared to 3.10 for males. There were no significant difference between females (mean of 7.76) and males (mean of 7.21) on their likeness level, t(58)=-1.230, p=0.224. This is summarized in Table 6 . There was a significant change with regards to race, F=3.646, p<0.05. There were 8 selfidentified African America students with a mean understanding level of 4, 1 Asian/Pacific Islander student with an understanding level of 1, 6 muti-racial students with a mean of 3.67, and 41 Caucasian students with an average understanding level of 3.10, summarized in Table 8 . There were no significant differences for race in terms of their likeness level, F=0.951, p=0.423. There was a significant difference, as seen in Table 9 , between those who first chose industrial engineering (33 students) and those who changed their major to industrial engineering on decision day (27 students) in terms of likeness level, t(38.508)=4.378, p<0.01. The mean likeness level for the 33 students were 8.18 and 6.44 for the 27 students. There was a significant difference between those two groups on their understanding level, t(58)=2.138, p<0.05. The mean self-reported understanding level for the 33 students was 3.48 and 2.89 for the 27 students. 
Question 11 & 12: Define Industrial Engineering & Interest
The students from this study generally perceive industrial engineering correctly, as determined by the comparison to the responses from Survey I2 and Survey I3. Students, faculty, and alumni perceived that industrial engineering was about optimizing processes to be more productive and effective. Page 26.1222.11
A majority of students mentioned business as the main element of industrial engineering. Many students mentioned transportation and logistics. A few students listed people as an element of industrial engineering, while operation of systems was also noted.
Some students mentioned that the reason they want to do industrial engineering was because it is easy for them, and they expected to succeed. This is consistent with previous studies on student self-efficacy, such as Eccles. 32 Many students mentioned business as being the part of industrial engineering that attracts them towards industrial engineering. No student mentioned reliability or statistics and probability. Table 10 summarizes the student's responses. When faculty were asked to list their top 5 most common misperceptions of industrial engineering, they mentioned the connection of business and engineering and iterated that it is not a business degree. The common misconceptions listed by faculty were: industrial engineering is easy; there is no math or not mathematically rigorous; it is easy compared to other engineering degrees; it has much to do with business; it is a glorified business degree. Table 11 provides more insight into the results for faculty from survey I2.
The sub-fields or emphasis listed by faculty were human factors, quality and reliability, transportation, logistics, distribution, manufacturing, statistics and probability, and operation research.
Page 26.1222.12 The alumni's definition on industrial engineering were generally consistent with that of faculty's. In addition to the perceptions they shared with the faculty about using engineering principles to improve workplace efficiencies and optimization of process, alumni mentioned specific aspects related to industrial engineering such as line balancing, time studies, engineering principles, "hard engineering", operations management, mathematical modelling and simulation skills, logical linkage and flow, and six sigma. There were also realistic considerations in pursuit of optimization that were safety, quality and productivity. The meaning of the field was mentioned that is for creating synergy and efficiency and improvement of life.
The alumni listed many misconceptions. Two of these misconceptions were "it is not as academically challenging as other engineering disciplines" and "Industrial Engineering is not 'engineering' since it deals as much with people as it does with math, science and technology". Another misconception that alumni mentioned was industrial engineering is "glorified business". This was a misconception held by many students as noted above. In general, students, faculty, and alumni had some perception overlap. However, students did not have a complete and systematic idea about industrial engineering. They often placed too much emphasis on business aspects, and they think it is not hard or mathematically rigorous. The misconceptions that directed them to choose industrial engineering may increase the dropout rate or may have been part of the change on Decision Day. Thirty percent of the students that decided to purse non-engineering degrees chose a business related degree as their new field of study.
Question 13, 14, & 15: Opportunities
Faculty, alumni, and students were asked the same 3 questions on opportunities. The majority of students, faculty, and alumni all indicated that industrial engineering provided many opportunities.
Faculty, students, and alumni were asked an open response question (Question 13) on what opportunities are associated with industrial engineering. Students listed running and exploring business, management, health care, manufacturing, oil and gas, and construction as their answer. Both faculty and alumni explicitly wrote "many industries". In addition to this response, faculty listed manufacturing, retail, logistics, health care, transportation, military, and energy as a few. Alumni had the longest list with "CEO or COO of a major corporation", technical sales, process engineering, process improvement, plant engineering, professor, cost estimator, and health care to name a few. Questions 14 and 15 were multiple choice questions to help researchers develop an understanding on the perceived job market now and in the future.
Students perceived current job opportunities as good (14 students or 42.4%) or very good (11 students or 33.3%). Job opportunities in 5 years from the survey had positive perceptions with 10 students (20.3%) rating them as good and 16 (48.5%) as very good. Students' perception about current and future job opportunities were highly correlated to each other, r=0.724, p<0.001.
Faculty and alumni were more optimistic about job opportunities in industrial engineering. They indicated that the job opportunities in industrial engineering were good or very good compared to students' responses. In addition, all three groups agreed that the job opportunities in 5 years would be very good. Tables 13 and 14 compares the current and future job opportunities, respectively, for students, faculty, and alumni. 
Conclusion
By successfully incorporating the results of this study and the longitudinal study, the University of Arkansas hopes to improve retention by ensuring students are better informed about industrial engineering as a career option. This information will help the University of Arkansas improve industrial engineering recruitment materials and events to ensure misconceptions are not conveyed and prevented. It also helps the engineering recruitment offices develop a better, more understandable definition of industrial engineering for precollege students. The major results from this study are summarized below:  85 students chose IE on Survey I1 or on decision day o 75 selected IE on decision day  25 students that did not take Survey I1 chose IE o 10 students chose a major outside of IE on decision day o 60 completed Survey I1  23 did not change decision  37 changed decision  33 selected industrial engineering  51.5% growth for IE from Survey I1 to decision day  Likeness and Understanding o Students' industrial engineering likeness level was highly correlated with students' self-reported understanding level with regards to industrial engineering, r=0.418, p<0.001 o Significant difference for understanding among race o Understanding and likeness for industrial engineering was impacted by the Freshmen Engineering Program, which was demonstrated by the significant difference in the survey response before and after the decision day  Students generally perceive industrial engineering correctly, as determined by the comparison to the responses from Survey I2 and Survey I3 o Students  Students mentioned business as main element of industrial engineering but also mentioned transportation and logistics, people, and operation of systems  Students want to go into industrial engineering because they believe they can be successful  The business part of industrial engineering draws students towards it as a major  Students do not have complete understanding of industrial engineering o Faculty and Alumni/Industry Partners  Misperceptions: not a business degree, industrial engineering is easy, no math,  Emphasis: human factors, quality and reliability, transportation, logistics, distribution, manufacturing, statistics and probability, and operation research Page 26.1222.16
 Opportunities o Students' perception about current and future job opportunities were highly correlated, r=0.724, p<0.001 o Students, faculty, and alumni believe job opportunities currently and in 5 years will be good or very good
Future Work
The University of Arkansas engineering perception research team has several additional years of data collection and research to complete the entire project. The large amount of data collected will be compiled to determine if other engineering disciplines see the same results as industrial engineering. Then outside reviewers will be used to validate the survey results for all disciplines. A new survey will be developed, tested, and validated, completing phase 2 of the longitudinal study. Once validated, the appropriate survey will be administrated to students at least 4 times throughout their undergraduate career to analyze engineering perception and how it changes over time.
